To evaluate the tibial articular cartilage and histology of the posterior cruciate ligament (PCL) in osteoarthritic knees so as to determine predictors of PCL degeneration. Methods. 23 advanced osteoarthritic knees (mean patient age, 61 years) treated with total knee arthroplasty (TKA) were prospectively studied. The Knee Society Score was assessed. Osteoarthritic changes on radiographs were graded as mild, moderate, or severe. Tibial articular cartilage erosion was assessed. The appearance of both cruciate ligaments was classified as normal, abnormal (thinner and sclerotic), or ruptured. Both ligaments were examined histologically for degenerative changes. Each degenerative change of the PCL was graded by 2 histopathologists twice separately. Higher scores indicated more severe degeneration. results. Of the 23 knees, the gross appearance of the anterior cruciate ligaments (ACLs) was normal in 6, abnormal in 11, and ruptured in 6. Histologically, the PCLs were normal in 4, minimally degenerated in 2,
mildly in 8, moderately in 5, and severely in 4. The predominant degenerative change was the presence of loose fibrous tissue. ACL appearance correlated positively with PCL degeneration (r=0.883, p=0.001). The mean Knee Society Score was 24 (range, 0-43), and the mean function score was 30 (range, 5-55). PCL degeneration correlated positively with the Knee Society Score (r=0.565, p=0.02) but not with the function score (r=0.061, p=0.447). Anteroposterior instability correlated positively with PCL degeneration (r=0.691, p=0.01). Erosion in the lateral tibiofemoral compartment and ACL insufficiency were indicators of PCL degeneration (despite a normal appearance). Inter-observer reliability and intra-observer reproducibility were 0.82 and 0.87, respectively. conclusion. The Knee Society Score, anteroposterior instability, ACL appearance, and erosion in the lateral tibiofemoral compartment are predictors of PCL degeneration and can help decide on the optimal type of TKA implant (PCL-retaining vs. PCL-sacrificing design).
introduction
There is a controversy regarding retention or sacrifice of the posterior cruciate ligament (PCL) in a primary total knee arthroplasty (TKA) for advanced osteoarthritis. 1, 2 Retention of the PCL enables better femoral roll-back, increased stability, and more physiological proprioception. However, clinical results did not differ much when compared with sacrifice of the PCL. [1] [2] [3] [4] The PCL appears to be biomechanically sound with good macroscopic appearance (even in advanced degeneration). 5, 6 However, these PCLs may actually be degenerated histologically. [5] [6] [7] [8] Thus, we evaluated the tibial articular cartilage and histology of the PCL in osteoarthritic knees so as to determine predictors of PCL degeneration.
Materials and Methods
Between January 2006 and May 2007, 23 advanced osteoarthritic knees (mean patient age, 61 years) treated with TKA were prospectively studied. Patients with a history of ligament tears, malunited fractures, intra-articular steroid injection in the previous 6 months, joint infection, or previous knee surgery were excluded. The study was approved by the institutional review board and the ethics committee of our hospital and was in accordance with the Helsinki Declaration. Informed consent was obtained from each patient.
The Knee Society Score 9 was assessed. Anteroposterior (weight-bearing), lateral 30º flexion, and skyline view radiographs were taken. According to the modified Ahlback criteria, 10 osteoarthritic changes (presence of osteophytes, tibial or femoral sclerosis, and joint subluxation) on radiographs were graded as mild (≤2), moderate (2-4), or severe (≥4).
The appearance of both cruciate ligaments was classified as normal, abnormal (thinner and sclerotic), or ruptured. 5 The ligaments were incised from the bone-ligament junctions of the femur and tibia. Orientation of the harvested ligaments was maintained. Tibial articular cartilages were sampled following the tibial cuts; the depth of erosion was assessed using the Outerbridge classification. 11 Specimens were preserved in 4% buffered formaldehyde solution, and then dehydrated and embedded in paraffin wax. Specimens were then cut with a microtome. Slides were stained (using standard haematoxylin and eosin stain) and scanned under light microscopy. Both ligaments were examined histologically for degenerative changes (presence of fibrous tissue, cystic degeneration, myxoid or mucinous degeneration, chondroid metaplasia, and inflammation). 7 Each degenerative change in the PCL was graded by 2 histopathologists twice separately. Higher scores indicated more severe degeneration (minimal, 1-5; mild, 6-10; moderate, 11-15; and severe, >15); the maximum possible score was 20. If the score for mucoid degeneration and/or presence of cysts, or disordered orientation of collagen fibres was 4, the ligament was considered severely degenerated, irrespective of the total score (Table 1) .
Power analysis was based on a study by Kleinbart et al., 7 in which the osteoarthritis group showed marked degenerative changes in the PCL in 63% of cases as compared to normal PCL in 17% of cases. The difference of proportion test was applied, and a minimum sample size of 17 was required to achieve 80% power (type-II error of <0.2) at 5% level of significance. 7 The mean, standard deviation, range, and median were calculated for all continuous data. For discrete or categorical data, percentages were calculated. For correlation, Spearman's rank correlation coefficient (rho) was used. Inter-observer reliability and intra-observer reproducibility were analysed using the Kappa coefficient; clinicoradiological and histopathological evaluations were each performed by 2 observers, twice separately.
results
Of the 23 knees, the appearance of the anterior cruciate ligaments (ACLs) was normal in 6, abnormal in 11, and ruptured in 6. Histologically, the PCLs were normal in 4, minimally degenerated in 2, mildly in 8, moderately in 5, and severely in 4. The predominant degenerative change was the presence of loose fibrous tissue (Fig. a) , and less commonly mucinous and myxoid degeneration (Fig. b) , calcification, chondroid metaplasia, revascularisation, and hyalinisation ( Table 2) .
ACL appearance correlated positively with PCL degeneration (r=0.883, p=0.001, Table 3 ). The mean Knee Society Score was 24 (range, 0-43; median, 23),
Grade
Degenerative changes
Changes in one high power field 2
Changes in several fields 3
Significant portion of ligament is involved 4
Confluence of microscopic fields involved In 5 knees with grade-IV cartilage erosions in the lateral tibial plateau, PCL degeneration was mild in one, moderate in 2, and severe in 2. In 10 knees with anteroposterior instability, PCL degeneration was mild and moderate in 3 and 7 knees, respectively. Anteroposterior instability correlated positively with PCL degeneration (r=0.691, p=0.01). In 8 knees with grade-3 radiographic changes, PCL degeneration was mild and moderate-to-severe in 3 and 5 knees, respectively. Degenerative changes on radiographs did not correlate with the degree of PCL degeneration (r=0.385, p=0.067). Nonetheless, erosion in the lateral tibiofemoral compartment and ACL insufficiency were indicators of PCL degeneration (despite a normal appearance). Inter-observer reliability and intra-observer reproducibility were 0.82 and 0.87, respectively.
discussion
It is not clear whether PCL degeneration leads to functional or neurological insufficiency. Thus, it remains controversial whether to retain or sacrifice the PCL. One study reported no correlation between the degree of visualised knee changes and PCL insufficiency. 12 However, another study reported correlation between ACL insufficiency and PCL degeneration. 5 In osteoarthritic knees, degenerative changes occur in the PCL. 5-8 85% of osteoarthritic knees have degenerative changes in the PCL. 13 Comparing osteoarthritic knees with age-matched controls, PCL degeneration is evident in osteoarthritic knees but not in normal knees. 7 The ACL is usually more degenerated than the PCL. 5 PCL appearance is not reliable in predicting its histological and mechanical characteristics. 5, 8 In 107 osteoarthritic knees undergoing TKA, 14 knees with ACL rupture had narrower intercondylar notches and greater degenerative changes in the lateral knee compartment. Intercondylar notch narrowing secondary to the arthritic process could be the cause of ACL rupture followed by increased wear of lateral femorotibial and patellofemoral joints. 14 This added instability may further stress the PCL and lead to its degeneration and mechanical incompetence.
In the current study, the Knee Society Score, anteroposterior instability, ACL appearance and insufficiency, and erosion in the lateral tibiofemoral compartment were predictors of PCL degeneration.
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